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COMPARISON BETWEEN APOLLO REFERENCE MISSION PROGRAM (ARMO5) 

AND HIGH-SPEED INTEGRATION PROGRAM (PNGSAG) 

By Roger H. Sanders 

SUMMARY 

The purpose of t h i s  study was t o  determine i f  t h e  High-speed Integra- 
t i o n  Program (PNGSAG) i s  s ign i f i can t ly  f a s t e r  than a prec is ion  in t eg ra t ed  
program (ARMO51, and if so, how much accuracy i s  s a c r i f i c e d  f o r  t h i s  speed. 
Since the  LO1 t a rge t ing  processor would be one of t h e  primary users  of t h e  
High-speed In tegra t ion  Program, the t es t  cases were chosen t o  be lunar 
o r b i t  i n se r t ion  maneuvers. Lambert and ex terna l  AV were both considered 
as guidance schemes fo r  t hese  LO1 t e s t  cases.  The r e s u l t s  of  t he  study 
show t h a t  PNGSAG i s  from 2.5 t o  7 times f a s t e r  than ARM05 depending on t h e  
guidance and s i z e  of i n t eg ra t ion  s tep  used. Also, t h e  lunar  parking o r b i t  
achieved with PNGSAG was off only hundredths of a m i l e  i n  apogee and per i -  
gee a l t i t u d e s  and thousandths of a degree i n  r i g h t  ascension and i n c l i n a t i o  

INTRODUCTION 

There a r e  severa l  instances i n  mission planning and design f o r  which 
a fast and reasonably accurate  method of i n t eg ra t ing  a state vector  throug 
a simulated burn i s  highly des i rab le ,  i f  not necessary. One of t h e  bes t  
examples of these  instances i s  t h e  RTCC LO1 Targeting Processor. During 
i t s  use, many simulated LO1 maneuvers m u s t  be in t eg ra t ed  within a shor t  
t i m e  t o  insure t h a t  t he  desired lunar o r b i t  w i l l  be achieved wi th in  t h e  
allowable f u e l  budget. Aborts a r e  another area i n  which a l a rge  number 
of in tegra ted  burns must be scanned i n  a shor t  t i m e  t o  determine an accept 
able  so lu t ion .  

This study w a s  i n i t i a t e d  t o  determine the  speed and accuracy of t he  
High-speed In tegra t ion  Program (PNGSAG) . This program i s  a stripped-down 
version of t h e  Guidance Analysis High-speed Program (GAHSP) which uses 
ana ly t i c  schemes for  simulating vehicle a t t i t u d e  t ime h i s t o r i e s  and sense 
ve loc i ty  increments ( i n t e g r a l s  of  t h rus t  acce le ra t ion  over a given time 
s t e p )  used t o  in t eg ra t e  ( i n  a simple numerical form) t h e  t o t a l  a c c e l e r a t i  
vec tors .  A more de t a i l ed  descr ipt ion of t h e  in t eg ra t ion  procedure and 
method of updating the  state vector may be found i n  reference 1. 
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The prec is ion  in tegra ted  t r a j ec to ry  program ARM05 w a s  chosen t o  com- 
pare with PNGSAG because of i t s  wide use as a reference t r a j e c t o r y  program. 
A more de t a i l ed  descr ip t ion  of ARM05 and i t s  uses m a y  be found i n  refer- 
ence 2. 

A t y p i c a l  lunar o r b i t  inser t ion  maneuver was chosen f o r  t h e  t es t  
cases;  both Lambert and ex terna l  AV were used f o r  guidance. 
f e ren t  in tegra t ion  s t e p  s i zes  were used with each type guidance i n  each 
program, and the  r e su l t i ng  computer runs were t imed and t h e  end conditions 
noted. The r e s u l t s  of these  timed runs a re  shown i n  t a b l e  I and figure 1. 

Several  d i f -  

SYMBOLS 

LO1 lunar  o rb i t  inser t ion  

RTCC Real-Time Computer Complex 

ARM0 5 Apollo Reference Mission Program 

PNGSAG High-speed Integrat ion Progarm 

GAHSP Guidance Analysis High-speed Program 

burn time o f  simulated LO1 maneuver, sec  

in tegra t ion  s t e p  s i z e ,  sec 

run time of program, sec 

r radius of apogee, n .  m i .  

r radius of  per igee,  n. m i .  

INCS selenocentr ic  i nc l ina t ion  , deg 

T~~~ 

T~~~~~~ 

TRUN 

a 

P 

RANS selenocentr ic  r igh t  ascension of ascending node , deg 

ANALYSIS 

The LO1 maneuver chosen as the t e s t  case f o r  t h i s  study made a 10’ 
plane change and burned out i n t o  a 60- by 170-n. m i .  lunar  parking o r b i t  
which was contained i n  t h e  lunar  equator ia l  plane.  The t a r g e t  conditions 
f o r  both Lambert and ex terna l  AV guidance which would achieve t h e  above 
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mentioned o r b i t  from a given approach t r a j e c t o r y  were obtained from t h e  
generalized i t e r a t i o n  rout ine  which i s  a p a r t  of t h e  ARM05 program. After 
these  t a r g e t  conditions were obtained, i t e g r a t i o n  s t e p  s i z e s  of 2 ,  10 ,  and 
20 seconds were chosen, and t h e  simulated LO1 maneuvers were run on both 
ARM05 and PNGSAG. These runs were timed by c a l l i n g  t h e  computer clock as 
soon as t h e  LO1 simulation w a s  completed. The end conditions of each of 
t hese  runs along with t h e  timings a r e  tabula ted  i n  t a b l e  I. 

RESULTS 

Figure 1 compares t h e  run times of ARM05 and PNGSAG using both Lambert  
and ex te rna l  AV guidance f o r  d i f f e ren t  s i z e  in t eg ra t ion  s t e p s .  It should 
be noted t h a t  t he re  i s  a gradual increase i n  run t i m e  advantage f o r  PNGSAG 
as t h e  in t eg ra t ion  s t e p  s i z e s  become l a rge r .  For example, with a 2-second 
in t eg ra t ion  s t e p  s i z e  and using Lambert guidance, PNGSAG runs approximately 
2.5 times f a s t e r  than ARM05. But when t h i s  i n t eg ra t ion  s t e p  s i z e  i s  in- 
creased t o  20 seconds, PNGSAG then runs approximately 3.6 times faster than 
ARMO5. Using t h e  same example, but with ex te rna l  AV guidance in s t ead  of 
Lambert, t h e  run t i m e  advantage for PNGSAG increases from 5.3 t i m e s  f a s t e r  
with 2-second s t e p  s i z e s  t o  7.0 t i m e s  f a s t e r  with 20-second s t e p  s i z e s .  

Table I shows t h e  end conditions achieved with both ARM05 and PNGSAG 
Differences using d i f f e r e n t  guidance schemes and in t eg ra t ion  s t e p  sizes.  

between ARM05 and PNGSAG var ied  from 0.002 t o  0.14 n. m i .  , respec t ive ly ,  
f o r  radius at  apogee and from 0.004 t o  0.04 n. m i . ,  r espec t ive ly ,  f o r  
radius at perigee.  Differences i n  i n c l i n a t i o n  and right ascension varied 
from 0.00003° t o  0.0034° and from 0.00025° t o  O.O023O, respec t ive ly .  

CON CLUS IONS 

It may be concluded from t h e  above r e s u l t s  t h a t  t h e  High-speed Integra- 
t i o n  Program i s  s i g n i f i c a n t l y  f a s t e r  than ARM05. This running t i m e  advan- 
t age  va r i e s  from approximately 2.5 t o  7 t i m e s  f a s t e r  than ARM05, depending 
on t h e  guidance and in t eg ra t ion  s tep  s i z e  used. Along with t h i s  speed 
advantage of PNGSAG, the re  does not  seem t o  be a g rea t  dea l  of  accuracy 
loss .  
i n  t h e  hundredths of a mile and t h e  i nc l ina t ion  and r i g h t  ascension varia- 
t i o n s  generally were i n  the  thousandths o r  t e n  thousandths of a degree. 

The usual va r i a t ions  encountered i n  apogee and perigee r a d i i  were 

With t h i s  speed and accuracy, t h e  High-speed In t eg ra t ion  Program 
would seem t o  be a l i k e l y  candidate f o r  use i n  any s i t u a t i o n  where a l a rge  
number of vehic le  burns need t o  be simulated i n  a shor t  period of time. 
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Figure 1.- Run time comparison between A R M 0 5  and PNGSAG. 
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